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ABSTRACT 


A  study  of  the  relationship  between  density  and  terri¬ 
torial  behavior  during  the  period  of  incubation  of  nesting 
Canada  geese  ( Branta  canadensis  ssp.)  was  conducted  on  a  16- 
acre  island  in  Dowling  Lake,  Alberta. 

Densities  of  nesting  geese  were  recorded  as  8.0,  10.7", 
and  9.2  nests  per  acre  for  1967  through  1969  respectively. 
Nesting  success  (hatching  at  least  one  egg)  varied  from  60 
to  27  to  69  per  cent  for  the  three  respective  years.  Coyote 
predation,  responsible  for  50  per  cent  of  nest  loss  in  1968, 
was  related  to  low  water  levels.  Rates  of  desertion  remain¬ 
ed  constant  over  the  three  years  at  18,  21,  and  22  per  cent 
respectively . 

Small  sizes  of  territories,  high  densities  of  nesting 
pairs,  large  numbers  of  nesting  pairs,  and  the  presence  of 
non-territorial  geese  resulted  in  a  relatively  constant 
level  of  antagonism  throughout  incubation.  Pairs  that  were 
successful  in  hatching  all  or  part  of  their  clutches  always 
won  more  interactions  with  neighboring  pairs  and  with  non¬ 
territorial  geese.  Most  pairs  that  were  unsuccessful  lost 
more  of  these  interactions  than  they  won.  The  presence  of 
the  gander  on  the  territory  was  the  most  important  factor 
related  to  the  outcome  of  interactions  and  hence  nest 
desertion . 

Territories  bordering  water  were  significantly  larger 
than  those  inland;  the  occupants  of  these  territories  had 


significantly  more  interactions  with  non-territorial  geese 
than  did  the  holders  of  inland  territories.  Vegetation 
appeared  to  influence  the  size  and  shape  of  territories. 

A  significant  inverse  relationship  between  vegetation 
density  around  the  nest-site  and  the  number  of  interactions 
involving  that  pair  was  found. 

Geese  appeared  to  recognize'  crows  as  potential  pred¬ 
ators  and  responded  aggressively  to  their  presence  near  the 
nest.  A  colony  of  several  thousand  ring-billed  gulls  had 
an  impact  on  the  vegetation  which  affected  the  geese  by 
reducing  the  density  of  nesting  pairs  on  that  part  of  the 


island . 
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INTRODUCTION 


Territoriality  has  been  studied  in  many  different 
species,  but,  as  yet,  no  general  agreement  as  to  whether  it 
has  a  role  in  regulating  numbers  has  been  reached.  Smith 
(1966:327)  states  that  "Social  behavior,  as  expressed  by 
territoriality  and  hierarchy,  limits  the  number  of  animals 
to  a  habitat,  food  supply,  and  reproductive  activity,  and 
excludes  the  surplus".  It  then  follows,  that  the  behavior 
involved  in  establishing  and  maintaining  a  territory  would 
be  important  in  the  success  or  failure  of  an  animal  to 
reproduce  or  survive. 

Territorial  behavior  in  races  of  large  Canada  geese, 
has  been  studied  by  many  investigators,  either  directly 
through  observation  of  the  birds  or  indirectly  through 
distribution  of  territories  (Kossack  1950,  Naylor  1953, 
Balham  1954  ,  Collais  and  Jahn  1959,  Munro  i960,  and  Martin 
1964).  These  studies  suggest  that  considerable  variations 
in  territory  size  and  intraspecific  tolerance  exist. 
Differences  in  nesting  densities  between  island  and  main¬ 
land  populations  have  been  demonstrated.  Kossack  (1950), 
Naylor  (1953),  Hammond  and  Mann  (1956),  and  Munro  (i960) 
have  all  shown  that  Canada  geese  will  nest  in  high  densities 
on  islands.  Lower  nesting  densities  have  been  reported  on 
mainland  locations  by  Johnson  (1947),  Craighead  and 

Craighead  (1949),  Surrendi  (1969),  and  others.  The  inves¬ 
tigators,  who  worked  with  high  densities  on  islands,  have 
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all  shown  a  high  rate  of  nest  desertion.  Collais  and  Jahn 
(1959*508)  studied  social  behavior  of  a  confined  flock  of 
large  Canada  geese  in  relation  to  reproductive  success  and 
found  that  "Loss  in  productivity  of  the  breeding  colony 
was  very  largely  due  to  the  territorial  behavior  of  the 
birds  themselves  resisting  crowded  conditions." 

Thus,  territorial  behavior  may  play  a  significant 
role  in  determining  the  success  of  reproductive  activities 
of  Canada  geese.  The  opportunity  to  study  this  problem 
arose  in  1967  with  the  discovery  of  a  population  of  Canada 
geese  nesting  on  an  island  in  Dowling  Lake,  Alberta.  This 
study  involved  a  documentation  of  intraspecific  interactions 
and  their  relation  to  the  fate  of  the  nest.  Factors  which 
might  influence  these  interactions,  such  as  density  of  veg¬ 
etation  on  territories,  were  investigated.  Factors  which 
could  have  influenced  fates  of  nests,  such  as  predation, 
interspecific  interactions,  and  my  presence  were  evaluated. 
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STUDY  AREA 

The  study  area  consisted  of  an  island  in  Dowling  Lake 
(51°  ^ '  N  latitude;  111°  59'  w  longitude)  which  is  approx¬ 
imately  200  miles  south-east  of  Edmonton,  Alberta  (Fig.l), 
in  the  southern  most  extent  of  the  aspen  parkland  vegetation 
zone  (Bird  1961).  The  lake  has  an  area  of  12  square  miles 
and  at  its  greatest  length  and  width  measures  five  by  four 
miles.  This  lake  is  shallow,  alkaline,  and  its  water  level 
is  mainly  dependent  upon  annual  precipitation. 

The  island  covers  16  acres  and  is  located  near  the 
east  side  of  the  lake,  1050  feet  from  shore.  The  average 
depth  of  water  between  the  island  and  mainland  was  18 
inches  in  1967  and  1969.  The  1968  water  level  was  so  low 
that  by  the  middle  of  May  only  mud  flats  separated  the 
island  and  mainland.  The  shoreline  of  the  island  varied 
from  muddy,  in  sheltered  bays  on  the  east  and  south, 
through  sandy,  to  gravelly  beaches  along  the  north  and 
west.  Some  vegetation,  mainly  Rumex  mavitimus  was  associ¬ 
ated  with  the  muddy  shoreline.  Further  inland  the  shore¬ 
line  gave  way  to  Scirpus  pumilus ,  then  open  grassy  meadows 
dominated  by  Puccinellia  nuttalliana.  The  central  portion 
of  the  island  was  densely  covered  with  shrubs  including 
snowberry  ( Symphoricarpos  albus)  ,  rose  ( Rosa  woodsii) ,  wolf 
willow  ( Elaeagnus  commutata) ,  and  wild  gooseberry  ( Ribes 
oxyacanthoid.es)  .  The  average  height  of  the  shrubs  was  two 
feet,  while  a  band  of  willows  ( Salix  spp .  )  along  the  east 
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Figure  1. 


Location  of  the  study  area  in  Dowling 
Lake,  Alberta. 
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side  of  the  island  ranged  from  3  to  12  feet.  A  more  com¬ 
plete  list  of  plant  species  appears  in  Appendix  1. 
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METHODS 

The  study  at  Dowling  Lake  was  conducted  during  the 
spring  and  early  summer  of  19675  1968,  and  1969}  with 
investigations  beginning  May  7,  May  14,  and  March  29  in 
each  of  the  above  years . 

In  1967  and  1968  the  island  was  visited  during  the 
incubation  period  to  obtain  data  on  the  total  number  of 
nests,  clutches  hatched,  deserted,  and  destroyed.  This  was 
done  as  quickly  as  possible  to  avoid  prolonged  disturbance 
of  the  geese.  Teams  of  three  and  five  men  were  used  in 
1967  and  1968,  respectively.  After  the  geese  had  left 
the  nesting  area,  other  work  such  as  determining  the  fate 
of  each  nest,  measuring  distances  between  nests,  and  draw¬ 
ing  a  vegetation  cover  map  was  carried  out. 

Since  the  results  from  1967  and  1968  showed  a  high 
rate  of  nest  desertion,  I  decided  to  observe  territorial 
behavior  of  these  geese  during  the  nesting  period  of  1969. 

An  elevated  blind  was  constructed  near  the  east  shore  of  the 
island  during  the  winter  of  1968-69  (Fig. 2).  Observations 
began  in  April  and  continued  until  May  23  when  all  geese 
had  left  the  nesting  area.  On  each  day  of  observation  two 
observers  entered  the  blind  before  sunrise,  remained  there 
for  the  entire  daylight  period,  and  left  under  the  cover 
of  darkness.  Our  schedule  involved  two  days  observing,  one 
day  out  of  the  blind,  then  two  days  observing,  etc.  During 
the  1969  nesting  period,  a  total  of  49^  man-hours  were 
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Figure  2 . 


Tower  from  which  observations  of  Canada 
geese  were  made. 
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spent  observing.  Reference  points,  in  the  form  of  numbered 
stakes  spaced  throughout  that  portion  of  the  island  under 
observation,  aided  in  accurately  determining  positions  of 
birds.  The  time  of  day,  type,  intensity,  and  outcome  of 
interactions  between  geese  associated  with  16  nest  sites 
were  recorded.  Types  of  interactions  noted  were:  threats 
by  posturing  and  vocalizing;  chases  by  walking,  running 
and  flying;  and  fights,  when  actual  contact  between  individ¬ 
uals  occurred.  Intensity  was  recorded  on  a  scale  from  one 
to  three.  The  attentiveness  of  the  gander,  in  terms  of 
distance  from  the  nest,  was  recorded  at  hourly  intervals. 
Total  activity  for  selected  pairs  was  noted.  Interspecific 
interactions  were  described. 

Individual  birds  are  often  identified  by  artificial 
marking  devices.  However,  since  trapping  and  marking  might 
have  disrupted  normal  behavior  I  decided  to  forgo  this 
procedure.  A  useful  way  of  identifying  a  particular  pair 
was  through  their  fidelity  to  a  territory  after  nesting 
began.  If,  from  the  onset  of  an  interaction,  the  partici¬ 
pants  were  unknown,  they  could  be  identified  by  noting  the 
territory  to  which  each  returned.  Since  two  observers  were 
present,  this  was  easily  done.  Furthermore,  individual 
geese  could  be  identified  by  variations  in  the  configura¬ 
tion  of  the  posterior  border  of  the  cheek  patch  (Fig. 3)  and 
by  variations  in  the  white  ring  at  the  base  of  the  neck 
(Fig. 4). 

As  in  1967  and  1968,  we  visited  the  Island  in  1969 
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Figure  3. 


Variations  in  the  configuration  of  the 
posterior  border  of  the  cheek  patches 
of  Canada  geese. 
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Figure  4.  Variations  of  the  white  ring  at  the  base 
of  the  neck  of  Canada  geese. 
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before  incubation  was  completed  to  record  data  similar  to 
that  obtained  previously.  To  further  reduce  the  duration 
of  disturbance,  nine  men  were  used.  After  the  geese  had 
left  the  area  data  similar  to  that  obtained  in  previous 
years  were  obtained.  In  addition,  sizes  of  territories 
were  obtained. 

The  density  and  height  of  the  vegetation  around  the 
nest  may  influence  the  number  of  interactions  In  which  a 
particular  goose  is  involved.  A  modification  of  a  tech¬ 
nique  developed  by  Jones  ( 1 9 6 8 ) ,  for  sharptailed  grouse,  was 
used  to  analyze  the  vegetation  (Fig.5).  A  three-sided 
checkered  board  was  placed  on  the  nest  and  the  number  of 
squares  completely  covered,  partially  covered,  as  well  as 
height  of  the  vegetation  were  recorded.  The  observer  was 
25  feet  from  the  nest  and  the  eye-level  was  two  feet.  This 
part  of  the  study  was  carried  out  during  the  fall  of  1969 
in  an  attempt  to  simulate  spring  conditions  when  nest 
sites  are  selected  and  defended. 

The  distribution  pattern  of  all  nests  was  subjected 
to  the  Clark  and  Evans  (195*0  nearest  neighbor  test  and  the 
Point-to-Plant  Distance  Ratio  test  developed  by  Holgate 
(1965,  in  Cox  1967)  to  determine  if  any  significant  devia¬ 
tion  from  randomness  occurred.  In  all  statistical  tests  the 
null  hypothesis  was  rejected  if  the  probability  level  was 
less  than  or  equal  to  0.05  (Steel  and  Torrie  i960). 
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Figure  5 . 


Three-sided  checkered  board,  36  inches 
high  and  18  inches  wide,  used  for  meas 
uring  height  and  density  of  vegetation 
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RESULTS  AND  DISCUSSION 

A.  Nesting  Density  and  Nesting  Success 

High  nesting  densities  of  Canada  geese,  particularly 
on  islands,  have  been  reported  by  many  investigators.  In 
most  studies  a  high  desertion  rate  was  associated  with  the 
high  nesting  density.  Kossack  (1950:638)  found  a  density 
of  ten  goose  nests  per  acre  in  1945  on  a  2.3-acre  island  on 
which  five  of  24  or  21  per  cent  were  deserted.  In  1946  of 
28  nests  only  one  was  deserted.  Miller  and  Collins  (1953: 
392)  state  that  "The  desertion  of  nests  on  crowded  islands 
amounted  to  13  nests  or  56.6  per  cent  of  the  total  nests 
deserted."  Naylor  (1953:90-91)  cites  an  example  of  a  0.5- 
acre  island  with  31  nests  of  which  16  were  deserted  because 
of  either  crowded  conditions  or  unknown  causes.  Munro 
(1960:545)  found  densities  from  9.4  to  30.7  nests  per  acre 
on  islands  in  the  Upper  Columbia  Valley  and  concluded  that 
desertion  was  the  most  important  cause  of  eggs  failing  to 
hatch.  On  the  16-acre  island  in  Dowling  Lake,  96,  128  and 
110  nests  were  located  in  1967,  1968,  and  1969,  respectively. 
This  gave  a  crude  density  of  6.0,  8.0,  6.9  nests  per  acre 
for  the  three  consecutive  years.  Since  approximately  one 
fourth  of  the  island's  total  area  was  mud  flat,  upon  which 
no  geese  nested,  an  ecological  density  was  calculated, 
yielding  8.0,  10.7,  and  9.2  nests  per  acre. 

Nesting  success  for  this  population  of  geese  appears 
in  Table  1.  A  clutch  was  classified  as . successful  if  at 
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Table  1. 


Fates  of  nests  of  Canada  geese  on  Dowling  Lake, 
Alberta  for  1967,  1968,  and  1969. 


Fate 

1967 

No .  % 

No 

1968 

% 

1969 

No .  % 

Successful 

58 

60 

34 

27 

76 

69 

Desertion 

17 

18 

27 

21 

24 

22 

Predation 

13 

14 

64 

50 

0 

0 

Other 

8 

8 

3 

2 

10 

9 

Totals 

96 

100 

128 

100 

110 

100 
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least  one  egg  had  hatched.  Unsuccessful  clutches  were 
classed  under  the  headings;  desertion,  predation,  and  other 
(Vermeer  1970:238).  Deserted  clutches  were  those  in  which 
eggs  were  known  to  have  been  deserted  prior  to  possible 
predation  at  a  later  date.  Since  the  nests  were  checked  at 
least  every  four  days  in  1968,  there  was  little  problem  in 
determining  whether  desertion  preceded  predation  (Vermeer 
1970).  Clutches  under  the  heading  "predation"  were  those 
which  showed  characteristic  signs  of  avian  or  mammalian 
predators.  In  1967  it  was  difficult  to  determine  if  a 
clutch  was  initially  deserted  or  preyed  upon  in  some  cases 
(10  clutches).  These  were  placed  in  the  categories 
"predation"  or  "desertion"  arbitrarily,  hence  some  degree 
of  error  may  have  been  present.  The  heading  "other"  inclu¬ 
ded  embryonic  death  and  unknown  causes. 

Many  workers  including  the  ones  previously  mentioned 
have  suggested  that  geese  show  a  distinct  preference  for 
nesting  on  islands.  Hammond  and  Mann  (1956: 3^5)  suggest 
the  following  reasons  for  island-nesting  concentrations  of 
waterfowl:  "(1)  relative  freedom  from  disturbance  by  mammals 
or  birds;  (2)  a  greater  capacity  for  territorial  occupancy 
because  of  high  ratio  of  water-land  edge  to  land  mass;  and 
(3)  close  proximity  of  water,  food,  loafing  (or  lookout) 
sites,  and  nesting  cover."  Although  all  these  factors  may 
be  important  in  influencing  the  observed  density  in  this 
study,  it  appears  that  the  first  may  be  most  influential. 

In  1968,  50  per  cent  of  the  clutches  laid  on  the 
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island  in  Dowling  Lake  failed  to  hatch  because  of  predation 
(Table  1).  Water  levels  in  the  spring  of  that  year  were 
extremely  low  and  by  mid-May  the  study  area  was  no  longer 
an  island ;  it  was  separated  from  the  mainland  only  by  mud 
flats.  This  condition  gave  coyotes  ( Canis  latrans )  access 
to  the  island.  Coyote  tracks  leading  to  and  from  the  island 
were  abundant  during  the  nesting  period.  Coyote  scats  were 
found  near  goose  nests  and  egg  shell  remains  around  the 
nests  were  similar  to  those  of  Canada  geese  described  by 
Sooter  (19^6:36-37).  On  the  basis  of  this  circumstantial 
evidence  they  were  considered  the  prime  cause  of  the  heavy 
losses  of  clutches  in  that  year.  Although  avian  predation 
similar  to  that  described  by  Rearden  (1951:393)  was  also 
recorded  in  this  study,  it  constituted  less  than  one  per 
cent  of  the  total  clutches  and  was  considered  insignificant. 
Crows  ( Corvus  brachyrhynchos )  and  ring-billed  gulls  ( Larus 
delawavensis)  present  on  the  island  may  have  been  the 
predators  but  no  direct  observations  were  made  to  confirm 
this.  Relationships  of  geese  with  other  species  will  be 
discussed  in  a  later  section. 

Early  in  the  nesting  period  of  1969  the  water  depth 
between  the  island  and  mainland  averaged  16  inches,  falling 
to  12  inches  by  late  summer.  No  coyote  predation  was 
observed  in  1969.  These  data  suggest  that  this  population 
of  geese  has  evolved  a  preference  for  island-nesting  to 
reduce  the  effects  of  mammalian  predation  and  thus  maximize 
production  of  young.  Given  years  when  the  water  level 
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maintains  an  island,  they  seem  to  have  achieved  relief  from 
this  type  of  nest  destruction,  but  in  doing  so  another 
detrimental  factor  has  emerged.  The  tendency  to  concentrate 
on  an  island  appears  to  result  in  a  high  degree  of  intra¬ 
specific  strife  which  may  increase  nest  desertion.  This 
has  been  hypothesized  by  many  authors  as  the  main  reason 
for  nest  desertion.  Collais  and  Jahn  (1959:508)  studied 
the  social  behavior  of  a  confined  flock  of  Canada  geese  and 
suggested  that  "Loss  in  productivity  of  the  breeding  colony 
was  largely  due  to  the  territorial  behavior  of  the  birds 
themselves  resisting  crowded  conditions . " 

Desertion  was  relatively  constant  over  the  first  two 
years  (Table  1).  The  consistency  of  this  level  of  deser¬ 
tion  prompted  the  observational  portion  of  this  study  in 
the  third  year.  In  most  previous  studies,  the  basis  for 
suggesting  intraspecific  strife  as  a  cause  of  desertion, 
appears  to  be  a  measure  of  the  proximity  of  one  nest  to 
another  and  not  a  measure  of  territorial  behavior.  This 
may  be  misleading. 

B.  Territorial  Behavior 
1.  General 

The  geese  arrived  on  the  island  between  March  29  and 
April  5,  1969.  The  exact  date  was  unknown  as  only  weekend 
observations  were  conducted  during  this  period.  On  April 
5  there  was  an  average  of  eight  inches  of  snow  on  the  lake 
and  approximately  14  inches  on  the  island.  At  this  time 
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approximately  80  pairs  were  counted,  many  of  which  were 
defending  snow  covered  territories.  The  general  state  of 
the  island  was  one  of  confusion  with  much  vocalizing, 
posturing,  chasing  and  fighting  occurring  between  territo¬ 
rial  pairs  and  also  with  apparent  non-breeders.  Flocks  of 
40,  18,  and  9,  which  contained  marked  non-breeders ,  were 
seen  on  the  island.  Some  of  these  were  seen  to  leave  and 
return  to  the  area  occasionally.  The  age  of  many  of  these 
geese  was  known  since  18  had  colored,  numbered  neck 
collars  (Sherwood  1966a).  They  had  been  transplanted  as 
goslings  during  the  summers  of  1967  and  1968  to  an  area  25 
miles  north-east  of  Dowling  Lake.  Three  of  these  marked 
geese  (two  yearling  males  and  one  2-year  old  male)  remained 
on  the  study  area  throughout  the  reproductive  period  and 
their  behavior  will  be  discussed  in  a  succeeding  section. 
Because  of  the  state  of  confusion  and  the  fact  that  the 
breeding  geese  were  unmarked  (artificially)  the  data 
obtained  early  in  the  reproductive  period  was  not  included 
in  the  discussion.  By  the  time  incubation  began  territo¬ 
rial  boundaries  were  well  established  and  the  observers  were 
able  to  identify  individual  birds  as  described  previously. 
Thus  the  data  that  appear  are  based  on  observations  during 
the  incubation  period. 

2.  Territorial  Behavior  of  Nesting  Pairs 

Klopman  (1968)  described,  in  detail,  agonistic  behav¬ 
ior  patterns  in  Canada  geese.  Collais  and  Jahn  (1959) 
described  phenology,  breeding  behavior,  vocalizations. 
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dominance  order,  and  the  role  of  behavior  in  reducing 
breeding  success  in  a  confined  flock  of  Canada  geese. 

Balham  (195*0,  Martin  (196*4),  Brakhage  (1965),  Sherwood 
(1966b)  and  Raveling  (1967)  all  described  some  aspects  of 
behavior  in  Canada  geese.  Since  most  of  the  behavior 
postures  observed  during  this  study  have  been  described  in 
one  of  the  above  they  will  not  be  repeated  here.  The 
discussion  will  be  concerned  with  a  quantification  of  inter¬ 
actions  between  breeding  pairs  and  with  non-breeding  pairs. 
To  facilitate  recording  of  data  interactions  were  placed 
in  three  categories;  threats,  chases  and  fights.  Threat 
interactions  consisted  of  posturing  mainly  and  usually 
occurred  near  a  territorial  boundary.  One  interaction  was 
recorded  as  long  as  a  bird  held  a  particular  posture,  and 
ended  when  that  posture  was  interrupted  by  another  pattern 
i.e.  feeding,  walking  away  or  attack.  The  outcomes  of  threat 
interactions  were  difficult,  at  times,  to  determine.  In 
these  cases  they  were  called  'ties'.  Chase  interactions 
were  so-called  when  actual  pursuit  of  another  goose 
occurred.  Chases  were  carried  out  by  walking,  running,  or 
flying  depending  on  the  strength  of  the  stimulus  or  the 
distance  of  the  attacking  bird  from  his  opponent.  The  out¬ 
comes'  of  chases  were  easily  determined  since  most  Involved 
one  pursuing  and  one  retreating.  The  bird  pursuing  was 
called  the  'winner'  and  the  pursued  the  'loser'.  A  fight 
was  recorded  when  actual  contact  between  Individuals  was 
made.  This  type  of  interaction  generally  involved 
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territorial  neighbors  as  most  other  intruders  escaped 
before  contact  could  be  made.  Outcomes  were  easily  deter¬ 
mined  as  one  goose  usually  attempted  to  escape  after  a 
brief  clash.  Fights  usually  lasted  only  10-30  seconds,  but 
one  was  timed  for  a  minute „ 

The  total  activity  of  the  sample  in  terms  of  the 
number  of  interactions  with  other  territorial  pairs  and 
non-breeders,  during  the  incubation  period,  is  shown  in 
Figure  6.  If  number  of  interactions  is  considered  a  meas¬ 
ure  of  agonistic  behavior,  then  it  is  evident  that  the 
level  of  antagonism  remains  fairly  constant  throughout  the 
incubation  period.  The  peaks  in  activity  in  Figure  6 
represent  an  increase  in  interaction  rate  on  one  particular 
territory  on  a  particular  day,  hence  do  not  reflect  the 
activity  of  the  entire  group.  Balham  (195^)  and  Brakhage 
(1965)  both  observed  a  decrease  in  territory  size  with  the 
progression  of  incubation.  If  the  size  of  the  defended 
area  decreased  then  the  number  of  interactions  would  also 
decrease  particularly  with  neighboring  pairs.  The  results 
of  this  study  do  not  agree  with  this,  as  it  was  observed 
that  ganders  defended  a  relatively  constant  area  through¬ 
out  the  incubation  period.  Territorial  boundaries  were 
determined  by  joining  the  outer  points  where  interactions 
continually  occurred.  The  constant  level  of  antagonism 
also  suggests  that  no  decrease  in  territory  size  did  occur. 
If  a  decrease  in  territory  size  did  occur  with  progression 
of  incubation  then  the  average  distance  of  the  gander  from 
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Figure  6. 
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The  total  number  of  interactions  recorded 
per  day  for  the  sample  of  17  territorial 
pairs  of  Canada  geese  observed  during  the 
incubation  period  of  1969. 
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the  nest  would  also  decrease.  The  distances  of  all  ganders 
from  their  nests  were  recorded  at  hourly  intervals  through¬ 
out  the  incubation  period.  The  mean  daily  distance  of  the 
gander  from  the  nest  was  plotted  against  time  (period  of 
incubation)  for  three  territories  (Fig. 7).  Since  it  was 
not  possible  to  represent  all  the  territories  on  the 
figure,  three  were  selected  randomly.  All  territories  were 
placed  in  three  groups  according  to  the  mean  distance  of 
the  gander  from  the  nest  and  one  was  selected  from  each 
group.  No  correlation  was  found  between  the  daily  mean 
distance  of  the  gander  from  the  nest  and  the  progression  of 
incubation.  Regression  lines  were  fitted  to  the  points  by 
the  method  of  least  squares  and  equations  are  given.  The 
degree  to  which  the  points  deviate  from  the  lines  reflect 
the  difference  in  sizes  of  territories  (points  close  to  the 
line  -  a  small  territory,  and  far  from  the  line  -  a  large 
territory).  Thus,  from  the  relatively  constant  number  of 
interactions,  the  constant  size  of  the  area  defended,  and 
the  constant  daily  mean  distance  of  the  gander  from  the 
nest,  I  suggest  that  a  high  degree  of  intolerance  is  promp¬ 
ted  and  maintained  by  geese  occupying  small  territories 
because  of  a  high  density  of  nesting  pairs  (9.2  nests  per 
acre).  Although  this  nesting  density  does  not  approach 
that  observed  by  Naylor  (1953),  equivalent  to  62  nests  per 
acre  (31  nests  on  0.5  acres),  the  same  mechanism  may  be 
operating.  The  presence  of  a  large  number  of  breeding 
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pairs  (110)  on  this  study  area  may  have  also  served  to 
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Figure  7. 


Mean  daily  distance,  of  three  male 
Canada  geese,  from  the  nests  within 
their  respective  territories  during 
the  period  of  incubation. 
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to  increase  the  level  of  antagonism.  This  is  suggested  by 
Collais  and  Jahn  (1959:507)  who  stated  that  "A  fight 
attracted  the  attention  of  and  excited  other  geese,  some  of 
which  would  honk...".  They  further  stated  that  "It  was 
indeed  observed ...  like  most  activities  of  the  geese,  were 
contagious,  tending  to  spread  from  one  pair  to  another...". 
The  presence  of  non-territorial  geese  also  tended  to  sus¬ 
tain  the  level  of  antagonism  by  continually  interacting 
with  established  pairs.  Thus  a  high  nesting  density  and 
the  presence  of  numerous  non-territorial  geese  tended  to 
bring  geese  continuously  into  contact  with  one  another 
thus  maintaining  a  high  level  of  antagonism  in  the  flock. 
Brakhage ( 1965 : 757)  stated  that  "Pairs  escorting  Class  la 
(Southwick  1953:6)  goslings  were  privileged  when  passing 
through  territories  of  incubating  pairs  There  is  some 
evidence  that  this  was  not  the  case  in  the  present  study 
and  it  appeared  that  the  level  of  Intolerance  was  continued 
after  hatching.  On  May  17  a  pair  with  a  brood  of  six 
Class  la  goslings  attempted  to  leave  their  territory  to 
reach  the  shore  of  the  island.  On  four  occasions  they  were 
forced  back  to  their  own  territory  by  four  neighboring 
ganders  (three  with  incubating  females).  Only  after  37 

minutes  had  elapsed  during  which  several  fierce  fights  and 

/ 

chases  occurred  were  they  able  to  cover  the  distance  of 
225  feet  to  the  shore. 

(a)  Intraspecific  Interactions 

I 

As  previously  stated,  many  authors  have  suggested 
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that  high  nesting  densities  of  Canada  geese  result  in 
intraspecific  strife  and  consequently  nest  desertion.  The 
basis  for  this  suggestion,  in  most  cases,  appears  to  be  a 
measure  of  the  proximity  of  one  nest  to  another  and  casual 
observations.  Collais  and  Jahn  (1959)  have  made  intensive 
observations  of  territorial  behavior  as  it  related  to  pro¬ 
ductivity  in  a  confined  flock.  To  my  knowledge,  no  one  has 
documented  the  effects  of  intraspecific  interactions  on 
productivity  in  a  wild  population  of  geese. 

Initially  the  sample  consisted  of  20  nests.  Since 
three  of  these  were  either  obscured  by  vegetation  or  too 
distant  to  obtain  sufficient  data  on,  they  were  dropped 
from  the  sample.  The  desertion  rate  for  the  initial  sample 
was  5  of  20  or  25  per  cent  which  was  similar  to  the  22  per 
cent  reported  for  the  entire  island.  Eleven  of  the  seven¬ 
teen  pairs  under  observation  successfully  hatched  entire 
or  partial  clutches,  five  nests  were  deserted  and  one  pair 
replaced  a  territorial  pair  but  did  not  nest.  The  letter- 
number  symbols  designate  the  territory,  nest,  or  the  pair 
associated  with  the  same.  Figure  8  shows  the  total  number 
of  interactions  for  17  territorial  pairs  for  which  there 
was  sufficient  data  during  the  incubation  period  of  1969 
with  a  breakdown  into  wins,  losses,  and  ties.  All  success¬ 
ful  pairs  won  more  interactions  than  they  lost,  they  were: 
N2 ,  0,  2B ,  3B,  4B,  5B,  8B,  9B,  10B,  1R,  and  TS .  Three  of 
the  five  deserted  nests  lost  more  interactions  than  they 
won,  they  were:  Nl,  IB,  and  7B.  Pairs  6B  and  2R  also 
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Figure  8 . 


Number  of  interactions  classified  as 
wins,  losses,  and  ties  for  all  pairs 
of  Canada  geese  under  observation. 
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deserted  and  pair  IBa  replaced  IB  on  that  territory.  The 
’ties'  represented  in  Figure  8  mainly  involved  threat 
interactions  among  neighboring  pairs  which  appeared  to  be 
equally  dominant.  A  good  example  were  pairs  2B  and  3B 
which  show  fairly  equal  numbers  of  losses  and  ties.  Pair 
2B  showed  a  greater  number  of  wins  since  this  pair  occu¬ 
pied  a  territory  bordering  on  the  water  where  more  non¬ 
territorial  birds  were  encountered. 

(b)  Desertion  of  Nests 

The  number  of  interactions  a  pair  is  involved  in 
appears  to  be  a  function  of  territory  size,  location  of 
territory,  vegetation  density,  social  dominance  and  indiv¬ 
idual  tolerance  differences  among  geese.  The  number  of 
interactions  does  not  appear  to  be  related  to  the  success 
or  failure  of  the  nest  entirely.  To  relate  interaction 
rate  to  desertion  a  closer  examination  of  interactions  in¬ 
volving  incubating  females  is  necessary.  Collais  and  Jahn 
(1959  -  489  )  stated  that 

"The  importance  of  the  male  in  territorial 
defence  was  made  evident  by  cases  in  which 
there  was  no  male  to  defend  the  nest  site. 

Female  W/Y  lost  her  mate  by  death  late  in 
her  incubation  period,  and  although  she  had 
been  sitting  very  steadily  up  to  the  time 
the  male  was  lost,  her  eggs  failed  to  hatch. 

The  reason  was  that  with  loss  of  her  guard¬ 
ian  she  became  subject  to  the  domination 
and  disturbance  of  other  pairs  as  well  as 
of  unpaired  males,  who  drove  her  repeat¬ 
edly  from  her  eggs,  resulting  in  death  of 
the  embryos,  presumably  from  chilling." 

Geis  (1956:^15)  suggested  that  characteristics  of  individ¬ 
uals  seemed  to  be  important  in  nest  desertion.  She  further 
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suggested  that  desertion  may  be  related  to  age;  "...that 
young  geese  are  more  likely  to  desert  or  do  not  hide  or 
defend  their  nests  as  well  as  do  older  birds."  She  assumed 
that  first  nesters  had  smaller  clutch  sizes  than  older 
geese.  Brakhage  (1965:760)  confirmed  the  assumption  of 
Geis  when  he  showed  a  progressively  lower  average  clutch 
size  with  decreasing  age.  Discussing  two  and  three-year- 
old  females  that  nested  for  the  first  time  he  stated  that 
"Inexperience  of  both  age-groups  is  reflected  by  their 
smaller  clutches  and  poorer  success  in  hatching."  The 
results  in  this  study  agree  with  the  above  workers  and 
suggest  that  when  considering  causes  of  nest  desertion  the 
importance  of  the  male  in  territorial  defence,  character¬ 
istics  of  the  Individual  and  age  and  experience  are  all 
important.  The  most  Important  factor  causing  nest  deser¬ 
tion,  during  incubation,  in  this  study  appeared  to  be  re¬ 
lated  to  the  ’attentiveness’  of  the  gander.  The  number  of 
aggressive  interactions  directed  at  each  incubating  female 
under  two  conditions:  when  the  gander  was  present,  and  when 
the  gander  was  absent  from  the  territory,  are  shown  in 
Figure  9«  To  relate  the  Importance  of  this  factor  and  the 
other  two  mentioned  above  I  feel  that  a  discussion  of  each 
case  of  desertion  is  necessary. 

Pair  6B  had  deserted  Its  clutch  before  intensive 
observation  had  begun  and  therefore  little  is  known  as  to 
the  cause.  Since  their  clutch  contained  only  three  eggs 
it  was  assumed  that  they  were  nesting  for  the  first  time 
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Figure  9. 


Number  of  aggressive  interactions 
directed  toward  an  incubating  female 
Canada  goose  while  the  gander  was  both 
present  and  absent  from  the  territory. 
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and  inexperience  was  probably  the  most  important  factor 
relating  to  nest  desertion. 

The  female  of  pair  IB  was  incubating  a  clutch  of  four 
eggs  on  April  29,  when  her  gander  failed  to  return  to  the 
territory.  Although  she  was  not  attacked  immediately  she 
appeared  reluctant  to  incubate  and  kept  calling  in  a  weak 
high-pitched  voice.  The  sound  of  this  distress-like  call 
may  have  stimulated  subsequent  attacks  by  three  neighboring 
ganders  at  various  times  of  the  day.  At  1930  hours  a  non¬ 
territorial  pair  approached  the  territory  of  IB  from  the 
water.  This  pair  drove  female  IB  from  the  area,  forced 
the  neighboring  ganders  back  onto  their  own  territories 
and  claimed  the  territory.  This  new  pair  (IBa)  success¬ 
fully  defended  the  territory  for  the  remainder  of  the  nest¬ 
ing  season  but  did  not  nest.  The  nest  of  IB  pair  was  135 
feet  from  the  observation  tower.  Since  intensive  observa¬ 
tion  began  on  April  26  (three  days  before  the  gander  dis¬ 
appeared)  it  is  possible  that  our  presence  may  have  had 
some  effect  on  this  pair.  However,  nest  2B,  located  133 
feet  from  the  tower,  was  successful.  With  a  clutch  of  four 
eggs  (suggesting  a  first-nest)  inexperience  may  have  been 
involved  in  the  absence  of  gander  IB.  The  absence  of  the 
gander  appeared  to  be  the  critical  factor  in  this  desertion. 

Female  2R  was  incubating  a  clutch  of  seven  eggs  and 
was  accompanied  by  a  male  Canada  and  a  second  domestic-type 
goose.  The  latter  was  about  the  same  size  as  the  wild 
geese  but  was  white  with  some  light  grey  mottling.  The 
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neck  was  thicker  and  the  bill  and  feet  were  an  orange-pink 
color.  The  sex  was  unknown  but  from  the  behavior  it  was 
thought  to  be  a  gander.  Both  ’males'  defended  the  terri¬ 
tory  equally  and  were  always  closely  associated  with  each 
other .  The  male-male  bond  in  this  situation  resembled  the 
homosexual  bonds  described  by  Lorenz  (1966:168)  in  greylag 
geese.  Further,  Lorenz  (1966:171)  reported  that:  "Peter 
Scott  observed  in  wild  pink-footed  geese  in  Iceland  a  con¬ 
siderable  percentage  of  families  consisting  of  two  males 
and  a  female."  Although  both  geese  actively  defended  the 
territory  they  frequently  flew  off  together  leaving  the 
female  unattended  for  extended  periods  of  time.  This  was 
first  observed  on  May  1  at  which  time  a  non-territorial 
pair  drove  the  female  from  the  nest  and  occupied  the  ter¬ 
ritory  for  nine  hours.  Upon  the  return  of  the  ganders  the 
intruders  were  immediately  chased  from  the  territory  and 
female  2R  resumed  incubation.  The  following  day  again  the 
ganders  were  absent  from  the  territory  and  the  female  was 
driven  from  the  nest  at  0500  hours  by  a  non-territorial 
pair.  The  ganders  returned  after  seven  hours  and  regained 
their  territory  and  the  female  again  resumed  incubating. 
This  procedure  continued  until  the  female  finally  deserted 
the  nest  on  May  7*  The  territory  remained  unoccupied  for 
the  remainder  of  the  nesting  period. 

Gander  N1  disappeared  from  his  territory  on  the 
morning  of  May  11.  The  female  continued  to  incubate  her 
clutch  of  five  eggs  until  1800  hours  at  which  time  she  was 
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attacked  by  a  neighboring  gander  as  she  attempted  to  leave 
the  nest.  The  vegetation  around  nest  N1  was  very  dense, 
hence  the  female  was  not  visible  to  the  neighboring  gander 
as  she  sat  on  the  nest.  Her  behavior  as  she  left  the  nest 
apparently  stimulated  the  neighboring  gander  to  attack. 
Brakhage  (1965:761)  stated  that  "As  females  prepared  to 
leave  their  nests,  they  carefully  covered  the  eggs... then 
stood  at  attention  for  a  moment,  honked  loudly,  and  flew 
to  the  water  where  they  were  joined  by  their  males."  This 
behavioral  pattern  was  frequently  observed  in  this  study. 

On  several  occasions  in  the  two  days  that  followed  female 
N1  managed  to  get  back  to  her  nest  and  incubate  for  short 
periods,  only  to  be  chased  away  each  time.  Subsequently 
nest  N1  was  deserted. 

Pair  7B  held  the  smallest  territory  (0.045  acres)  of 
all  the  pairs  under  observation.  The  gander  of  this  pair 
was  attentive  to  the  female  until  May  16  at  which  time  he 
was  absent  from  the  territory.  A  neighboring  gander  imme¬ 
diately  attacked  the  female  and  continued  to  chase  her  from 
the  nest  each  time  she  returned.  Since  this  clutch  was 
approximately  three  days  from  hatching  the  female  was 
intent  to  incubate  and  circled  back  to  the  nest  after  each 
charge  from  the  neighboring  gander.  Hence  the  large  number 
of  interactions  at  nest  7B  in  Figure  9»  When  gander  7B 
returned  he  was  unable  to  regain  his  territory  and  stood 
by  submissively  as  the  female  was  continually  chased  from 
the  nest.  Although  this  gander  appeared  subordinate  to  his 
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neighbor  throughout  incubation  his  presence  on  the  terri¬ 
tory  may  have  been  sufficient  deterrent  to  prevent  encroach¬ 
ment.  When  the  deterrent  was  removed  (on  the  occasion  of 
his  absence),  the  neighboring  gander  asserted  his  dominance 
and  continued  to  do  so  until  desertion  occurred. 

Female  10B  showed  a  number  of  interactions  against 
her  in  the  absence  of  the  gander  and  yet  the  nest  was 
successful  (Fig. 9).  In  this  case,  in  the  absence  of  the 
gander  a  non-territorial  pair  drove  the  female  from  the 
nest  and  occupied  the  territory  for  six  and  one-half  hours. 
When  gander  10B  returned  he  immediately  drove  off  the 
intruding  pair  and  his  female  continued  to  incubate.  Wood 
(1965:240)  stated  that  "...paired  geese  were  usually  domi¬ 
nant  to  unpaired  and  nesting  geese  were  dominant  to  either 

paired  or  unpaired  geese  not  actively  nesting."  Since  the 
intruding  pair  were  non-territorial  and  subordinate  to  the 
resident  pair  gander  10B  encountered  no  difficulty  in 
regaining  his  territory,,  This  was  in  contrast  to  territory 
7B  in  which  the  intruder  was  a  territorial  bird  and  could 

not  be  dominated  once  established. 

From  the  data  presented,  probably  the  most  important 
factor  related  to  nest  desertion  was  the  ’attentiveness 
of  the  gander  during  incubation  together  with  his  ability 

to  defend  the  territory. 

3.  Physical  Characteristics  of  the  Territory 

Brakhage  (1965^755)  stated  that  ' Ihe  aggressive  behav 
ior  of  individual  ganders  and  the  physical  characteristics 
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of  the  nest  sites  seemed  to  be  the  important  factors  deter¬ 
mining  territory  size.”  Collais  and  Jahn  (1959:487)  found 
that  "Size  of  territories  varied  greatly  with  the  individ¬ 
ual  bird."  Territories  in  the  present  study  showed  a  great 
deal  of  variation  in  size  (Table  2)  and  shape.  Territory 
size  was  limited  to  some  extent  by  vegetational  barriers. 
This  was  evident  on  the  east  side  of  the  island  where  a 
band  of  willows  separated  open  meadow  from  dense  shrub. 
Geese  nested  on  both  sides  of  the  willows  but  rarely  inter¬ 
acted  with  each  other,  except  where  openings  existed.  The 
shape  of  the  territory  was  influenced  by  these  openings. 

The  nests  under  observation  were  located  in  a  variety  of 
vegetative  cover  types  including:  short  grass  meadow 
( Puoo'inel'lia  nuttalliana  and  Distichlis  striota)  ,  forbs 
( Smilaoina  stellata  and  Cirsium  arvense)  ,  shrubs  ( Rosa 
woodsii ,  Symphoricarpos  albus ,  Ribes  oxyaoanthoid.es  and 
Elaeagnus  oommutata) ,  and  trees  ( Populus  tvemuloides  and 
Salix  spp .  )  (Pig. 10).  Klopman  (1958:173)  suggested  that  a 
’hierarchy  of  preferences’  operates  in  the  selection  of 
nest-sites.  Islands  pev  se  provide  the  strongest  stimuli 
in  nest-site  selection,  after  this  other  factors  then 
determine  the  exact  location  of  the  nest  (vegetation 
density,  visibility,  closeness  of  other  nests).  At  Dowling 
Lake  this  ’hierarchy  of  preference’  appears  to  be  operating 
since  of  114  goose  nests  found  in  the  general  area  all  were 
on  islands.  During  the  three  years  of  the  study  not  one 
nest  was  found  on  the  mainland.  It  was  difficult  to 
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Table  2.  Territory  size  in  acres  for  each  pair  of  Canada 

geese  under  observation  at  Dowling  Lake,  Alberta. 


Nest  No. 

Land 

Water 

Total 

N2 

CO 

o 

0 

o 

0.256 

0.964 

Nl 

0 .160 

0 .030 

0.198 

0 

0.077 

- 

0.077 

lBa(lB) 

0.274 

0.013 

0.287 

2B 

0.587 

2.853 

3.440 

3B 

0.089 

- 

0.089 

4B 

0.153 

- 

0.153 

5B 

0  0  108 

- 

0 . 108 

6B 

0  0  089 

- 

0 . 089 

7B 

0,045 

- 

0,045 

8B 

0.096 

- 

0.096 

9B 

0.05'i 

- 

0.051 

10B 

0.070 

- 

0.070 

1R 

0.051 

- 

0,051 

2R 

0.140' 

- 

0,140 

TS 

0.045 

— 

0.045 
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Figure  10.  Map  of  the  island  used  by  nesting 

Canada  geese  in  Dowling  Lake,  Alberta 
showing  major  cover  types  and  veget¬ 
ative  associations. 


grass  -  forb  (gull  colony) 
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determine  what  factors  were  selected  for  beyond  this 
insular  position.  However,  some  observed  advantages  and 
disadvantages  will  be  given  for  different  territory  types. 
Territories  which  bordered  on  water  appeared  to  be  advan¬ 
tageous  because  the  pair  could  feed,  drink,  and  bathe  with¬ 
out  leaving  the  area.  Pairs  without  water  bordering  their 
territories  usually  were  forced  to  either  cross  other 
territories  or  fly  to  water.  Crossing  other  territories 
invariably  led  to  conflicts.  After  hatching,  territories 
on  water  had  a  definite  advantage  in  that  the  brood  could 
be  led  unmolested  to  the  shore.  Other  pairs  with  broods 
which  crossed  occupied  territories  were  subject  to  harass¬ 
ment  as  described,  earlier.  An  inland  territory  was  genera¬ 
lly  surrounded  by  other  territorial  pairs  whereas  the 
territories  near  water  had  at  least  one  side  without  a 
neighbor.  Geese  in  territories  of  the  latter  type  had  a 
reduced  number  of  contacts  with  other  territorial  birds, 
but  an  increase  in  the  number  with  non-territorial  geese. 
Statistically,  non-territorial  geese  interacted  significant 
ly  more  often  with  pairs  possessing  territories  on  water 
than  with  pairs  possessing  inland  territories.  Pairs  with 
large  territories  bordering  on  water  almost  always  fed  with 
in  the  territory,  particularly  along  the  shore.  They 
appeared  to  be  feeding  on  Rumex  mavitimus  in  the  earlier 
part  of  the  nesting  season  and  concentrated  on  new  shoots 
of  grasses  in  the  latter  part.  On  several  occasions  geese 
were  observed  feeding  on  new  green  willow  leaves.  Pairs 
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with  small  inland  territories  generally  left  their  territor 
ies  to  feed  on  the  mainland,  usually  flying  to  the  same 
spot  each  time.  A  favorite  feeding  area  was  around  a  shall 
ow  pond  on  the  mainland  south-east  of  the  island  (Fig.l). 

No  observable  advantages  or  disadvantages  were  evident  with 
respect  to  feeding  on  territory  or  off  the  territory, 
although  geese  that  left  usually  spent  less  time  off  the 
nest . 

Larger  territories  were  generally  the  more  open  with 
respect  to  vegetative  cover  than  smaller  ones.  The  largest 
of  these  were  located  near  the  shore  where  expanses  of 
short  grass  were  present.  Statistically,  the  size  of 
territories  bordering  water  were  significantly  larger  than 
those  located  inland  on  the  island.  On  the  territory 
itself  the  nest  was  usually  associated  with  the  densest 
vegetation  present.  In  England,  Klopman  (1958:172)  found 
that  Canada  geese  ( Branta  canadensis  canadensis)  nested  in 
high  concentrations  on  islands  with  heavy  shrub  and  tree 
growth.  At  Flathead  Lake,  Montana,  Geis  (1956:412)  found 
only  25  per  cent  of  the  nests  In  woods  or  under  heavy 
brush  cover.  However,  most  workers  have  found  open  areas 
with  good  visibility  a  preferred  location.  At  Dowling 
Lake  many  territories  were  such  that  cover  was  provided 
for  the  nest  while  the  major  portion  was  open  providing 
good  visibility  for  the  gander.  An  index  of  vegetation 
height  and  density  was  obtained  by  the .method  previously 
described  using  the  equipment  in  Figure  3,  and  was 
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expressed  as  per  cent  cover.  This  index  for  each  nest  was 
compared  to  the  number  of  interactions  involving  that 
particular  pair.  A  significant  correlation  (r=-0.55)  was 
found,  showing  fewer  interactions  in  dense  vegetation.  The 
suggestion  is  that  dense  vegetation  may  act  as  a  'screen' 
thus  reducing  the  visual  stimulus  for  another  bird  to 
attack.  Klopman  (1968:313)  in  his  study  of  captive  geese 
suggested  that  "Later  behavioral  changes  in  the  flock 
appear  to  be  based  on  visual  and  not  vocal  cues.  In  other 
words,  the  introduced  bird  is  either  recognized  as  an 
individual  from  the  flock  and  greeted  or  it  is  known  defin¬ 
itely  as  the  outsider  and  attacked."  Tinbergen  (1952)  has 
also  shown  the  importance  of  visual  stimulus  in  releasing 
the  attack  response  in  his  work  with  sticklebacks.  A 

p 

significant  coefficient  of  determination  (r  =0.31)  indica¬ 
ted  that  31  per  cent  of  the  interactions  were  related  to 

vegetation  density.  A  partial  correlation  including  dis^  • 
ance  to  nearest  neighbor  with  the  above  correlation  showed 
that  vegetation  density  was  a  more  important  factor  than 
distance  when  the  number  of  interactions  are  considered. 

Distance  to  nearest  neighbor  was  measured  for  all 
nests  on  the  island.  The  mean  distance  from  each  success¬ 
ful  nest  to  its  nearest  neighbor  was  48.8  feet,  which  was 
significantly  greater  than  39-6  feet  for  unsuccessful  nests, 
suggesting  that  desertions  were  density  dependent  as  Munro 
(I960)  suggested.  The  distribution  of  nests  was  tested 
by  methods  of  Clark  and  Evans  (1954)  and  Holgate 
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(1965,  in  Cox  1967).  Both  tests  showed  a  non-significant 
deviation  from  randomness  in  the  direction  of  uniformity. 
Generally  in  a  territorial  system  distribution  is  uniform 
thereby  achieving  maximum  distance  between  neighbors.  The 
presence  of  a  heterogeneous  vegetational  mosaic  may  have 
disrupted  this  uniformity  of  dispersion. 

D .  Non-territorial  Behavior 

Prom  previous  studies,  the  non-territorial  cohort  of 
the  population  appears  to  consist  of  yearlings,  2-  3-  and 
possibly  4-year  old  birds.  Brakhage  (1965:755-756)  suggests 
that  physical  and  social  factors  may  influence  the  age  at 
which  geese  pair  and  breed  successfully.  Wood  (1964:199) 
stated  that  "Both  sexes  of  Canada  geese  were  found  to  be 
immature  in  their  first  year."  In  2-year  old  females  he 
found  the  ovaries  and  oviducts  to  be  further  developed  than 
in  the  yearling  class  but  they  still  appeared  sexually 
immature.  He  found  2-year  old  males  to  be  sexually  mature. 
In  the  Flathead  Valley,  Montana,  Craighead  and  Stockstad 
(1964:60)  found  that  no  yearlings  nested,  27  per  cent  of 
the  2-year  olds,  and  100  per  cent  of  the  3-year  olds  nest¬ 
ed.  Surrendi  (1969:23)  working  with  transplanted  geese 
found  11  of  13  yearling  females  formed  pair  bonds,  nine  of 
which  were  formed  on  the  breeding  grounds.  Balham  (1954) 
found,  "short  term  associations  between  yearlings,  or 
between  yearlings  and  older  geese".  This  was  similar  to 
the  situation  at  Dowling  Hake.  Yearling  males  Yellow  18 
and  Yellow  M7  showed  sporadic  pairing  tendencies  (Fig. 11). 
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Figure  11.  Pairing  tendencies  of  non-territorial 

Canada  geese  as  shown  by  two  marked 
yearling  males  (18  and  M7 )  and  one 
2-year  old  male  (F3).  Age  of  FN  unknown. 
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A  2-year  old  male  (Blue  F3)  was  paired  at  each  sighting. 

The  age  of  goose  FN  was  unknown.  Wood  (1965:237)  suggested 
possible  dangers  in  relating  observed  behavior  patterns  to 
the  reproductive  status  of  geese.  I  was  aware  of  such 
weaknesses  in  this  study  and  therefore  made  no  attempt  to 
infer  reproductive  condition  from  behavior. 

As  mentioned  earlier  most  interactions  of  non-terri¬ 
torial  geese  with  territorial  pairs  occurred  on  territories 
bordering  water.  It  was  common  to  see  non-territorial 
pairs  or  singles  along  the  shore  or  on  areas  of  the  island 
not  occupied  by  territorial  geese.  There  were  also  several 
locations  on  the  island  where  groups  of  non-territorial 
birds  congregated  and  were  relatively  tolerant  to  each 
other,  although  chases  and  fights  were  observed  occasion¬ 
ally  .  Two  general  types  of  approaches  were  made  by  non¬ 
territorial  pairs  towards  an  occupied  territory.  One  type 
appeared  to  be  associated  with  curiosity  in  which  the  pair 
seemed  to  be  attracted  to  the  territorial  pair  to  observe 
nesting.  The  approach  was  in  the  ’upright'  position  as 
described  by  Klopman  (1968:292).  Surrendi  (1969:25) 
recorded  12  observations  of  yearling  non-breeders  closely 
associated  with  incubating  adult  females.  This  may  be  a 
learning  experience  that  could  be  important  when  these 
geese  nest  in  the  future.  Surrendi  further  recorded  that 
"Only  one  instance  of  intolerance  toward  a  yearling  female 
was  observed .. .when  it  approached  within  five  feet  of  an 
incubating  goose."  In  the  study  at  Dowling  Lake  intolerance 
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was  the  rule  and  non-breeders  were  evicted  rapidly.  The 
second  type  of  approach  appeared  to  take  the  form  of  a 
challenge.  This  was  characterized  by  a  pair  either  flying 
or  walking  up  to  a  resident  pair  and  exhibiting  agonistic 
posturing,  often  the  "high-coil"  neck  position  (Klopman 
1968:297).  This  posture  changed  rapidly  and  the  pair 
usually  fled  under  the  attack  of  the  resident  gander.  In 
situations  where  a  gander  was  absent  the  Intruders  succeed¬ 
ed  in  driving  the  female  from  the  nest  with  little  diffi¬ 
culty.  ihls  happened  to  female  10B  (described  earlier)  when 
the  non-territorial  pair  claimed  the  area.  The  new  male 
then  took  the  role  of  the  resident  male  "standing  guard" 
while  the  female  Inspected  the  nest  for  several  minutes. 

In  this  case  the  new  female  actually  incubated  for  a  short 
period  of  time,  but  soon  appeared  to  lose  interest  where¬ 
upon  she  began  exploring  the  territory  as  if  looking  for  a 
nest-site.  A  similar  pattern  was  observed  when  pair  IBa 
evicted  female  IB  in  the  absence  of  her  gander.  The  male 
of  this  pair  forced  the  neighboring  ganders  back  to  their 
original  territory  boundaries  and  then  "stood  guard".  The 
new  female  then  proceeded  to  inspect  the  nest.  Standing 
over  it  she  arranged  the  eggs  and  down,  sat  and  stood  three 
times,  then  covered  it.  She  left  the  nest,  moved  about  two 
feet  away,  and  appeared  to  be  making  a  scrape.  Pour 
minutes  later  she  returned  to  the  deserted  nest,  sat  on  it 
for  one  hour  and  24  minutes,  then  spent  five  minutes  adding 
to  the  covering  over  the  eggs  which  were  already  covered. 
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The  eggs  were  not  seen  to  be  incubated  for  the  remainder 
of  the  nesting  period  although  occasionally  the  female 
spent  time  adjusting  the  covering  over  the  eggs.  Similar 
behavior  was  also  noted  when  female  2R  was  driven  from  her 
territory  by  apparent  non-breeders,  but  the  time  spent  so 
occupied  was  much  less.  The  importance  of  these  behavior 
patterns  in  non-breeders  or  non-territorial  geese  is 
difficult  to  determine.  Whether  or  not  there  is  any  rela¬ 
tionship  between  this  behavior  and  the  future  nesting 

ability  of  pairs  is  not  known.  The  experience  gained  by 
non-breeders  in  watching  nesting  pairs,  the  behavior  of  the 
females  in  showing  a  great  interest  in  a  nest  may  all  be 
related  to  reinforcement  of  innate  patterns.  Also  the 
presence  of  these  non-territorial  birds  on  the  island  of 
high  nesting  density  may  condition  them' to  tolerate  other 
geese  and  may  reduce  the  "individual  distance"  within  which 
they  will  tolerate  other  geese.  This  may  be  important  in 
establishing  some  of  the  high  nesting  densities  that  have 
been  reported. 

E .  Interspecific  Relationships 

"Most  birds  defend  territories  against  conspecific 
individuals  but  some  species  also  defend  territories 
against  individuals  of  other,  usually  closely  related 
species"  (Orians  and  Willson  1964:736).  Interspecific 
interactions  at  Dowling  Lake  appeared  to  arise  because  of 
overlapping  nesting  habitats  of  the  various  species  present. 
Geese  nested  in  all  habitat  types  including  old  nests  of 
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great  blue  herons  ( Ardea  herodias).  Although  only  one  nest 
was  established  as  many  as  four  pairs  were  seen  attempting 
to  occupy  old  heron  nests.  The  height  of  these  nest-sites 
varied  from  five  to  ten  feet.  Figure  12  shows  a  pair 
occupying  such  a  site,  which  they  were  forced  to  abandon 
because  of  pressure  from  the  established  pair  on  the 
ground.  Two  interactions  between  geese  and  herons  were 
recorded.  In  one,  a  female  of  a  pair  was  occupying  a  heron 
nest  when  a  heron  approached  attempting  to  land  on  another 
nest  approximately  50  feet  away.  The  goose  immediatley 
assumed  a  threat  posture  and  the  gander,  at  that  time  on 
the  ground,  flew  up  towards  the  heron.  The  heron  immediate¬ 
ly  flew  off.  In  the  other,  a  pair  occupying  a  nest  began 
honking  and  head  tossing,  which  appeared  to  discourage  a 
heron  attempting  to  land  nearby. 

Two  pairs  of  crows  also  nested  in  the  band  of 
willows  present  on  the  island  in  Dowling  Lake  (Fig. 10). 

In  all,  24  interactions  were  recorded  involving  crows  and 
geese.  All  but  one  resulted  in  a  crow  being  chased  from 
the  vicinity  of  a  goose  nest.  Geese  may  have  recognized 
crows  as  potential  predators  and  therefore  responded  quick¬ 
ly  when  one  happened  to  land  in  the  general  vicinity  of  a 
nest.  At  no  time  in  these  observations  did  a  crow  show 
any  attempt  to  prey  upon  a  goose  clutch.  The  one  excep¬ 
tional  interaction  occurred  after  most  territorial  pairs 
had  hatched  clutches  and  left  the  island.  A  non-territor¬ 
ial  goose  moved  within  the  vicinity  of  a  crow’s  nest  and 
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Figure  12.  A  pair  of  Canada  geese  attempting  to 

establish  a  territory  in  an  old  heron 


nest . 
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was  immediately  threatened  by  one  of  the  crows.  After 
several  flying  dives  by  the  crow  the  goose  moved  about  50 
feet  from  the  nest. 

A  colony  of  several  thousand  ring-billed  gulls  nested 
on  the  north-west  portion  of  the  island.  The  effect  of  the 
colony  on  vegetation  is  evident  from  Figure  10.  Here,  it 
appeared  as  though  the  gull  colony  was  maintaining  ecolog¬ 
ical  succession,  through  disturbance,  in  its  pioneer  serai 
stage  with  a  community  dominated  by  grasses.  Lamb's  quarters 
(Chenopodium  album )  and  tansy  mustard  ( Desourainia  sophia ). 
Lamb's  quarters  and  tansy  mustard  were  not  evident  until 
mid-June  when  the  gulls  had  left  the  colony.  Only  short 
grass  was  present  during  the  nesting  season.  Thirteen 
goose  nests  were  located  in  the  gull  colony;  the  effect  of 
vegetation  on  the  nesting  density  of  geese  therein  is 
presented  in  Table  3.  An  equal  number  of  nests  from  the 
shrub  cover  immediately  adjacent  to  the  colony  were  measur¬ 
ed  for  a  comparison  of  density  with  those  in  the  gull 
colony  (Table  3).  Fates  of  both  groups  were  identical:  ten 
successful,  two  deserted,  and  one  unknown.  This  suggests 
that  vegetation  density  has  a  compensatory  effect  on  nest¬ 
ing  density;  increased  vegetation  density  resulted  in 
reduced  distances  between  nests.  Further,  it  adds  support 
to  an  earlier  suggestion  that  vegetation  density  reduces 
the  number  of  interactions  by  reducing  the  visual  stimuli. 
Other  than  this  indirect  effect  no  observations  of  inter¬ 
actions  between  geese  and  gulls  were  recorded.  Pairs  of 
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Table  3.  Distance  to  the  nearest  neighbor  for  a  sample 
of  Canada  goose  nests  located  in  two  different 
habitat  types  on  an  island  in  Dowling  Lake, 
Alberta.  Nearest  neighbor  distance  in  feet. 


Short 

grass 

Shrub 

Nest 

No. 

Fate 

Nearest 

Neighbor 

Nest 

No. 

Fate 

Nearest 

Neighbor 

55 

S 

90 

57 

S 

37 

52 

S 

78 

56 

S 

35 

105 

S 

70 

33 

S 

35 

106 

s 

70 

34 

S 

35 

107 

s 

110 

58 

Un 

37 

104 

Un 

110 

59 

S 

30 

96 

S 

75 

60 

S 

30 

93 

D 

75 

75 

D 

30 

95 

S 

88 

79 

D 

43 

73 

S 

125 

38 

S 

53 

97 

D 

68 

32 

S 

37 

18 

S 

68 

94 

S 

37 

74 

S 

65 

53 

S 

35 

X=  8  4 . 0 

X=  3  6  „  5 

S  -  successful 
D  -  deserted 


Un  -  unknown 


geese  with  broods  were  observed  on  several  occasions  to 
pass  by  or  through  a  group  of  gulls  with  no  apparent 
disturbance  of  either  species. 

Ducks  were  abundant  on  the  island;  most  common  were 
gadwall  (Anas  stvepeva) ,  mallard  (Anas  platyrhynohos) , 
American  widgeon  (Mareea  amevioana)  and  pintail  (Anas 
acuta).  Appendix  2  contains  a  list  of  all  species  of  birds 
seen  either  on  the  island  or  adjacent  Dowling  Lake.  Most 
species  of  ducks  seemed  to  prefer  the  dense  snowberry-rose- 
gooseberry  associations  for  nesting.  Although  measurements 
were  not  taken  some  nests  were  as  close  as  ten  feet,  which 
suggests  a  similar  mechanism  as  was  observed  in  the  spacing 
of  goose  nests  with  respect  to  vegetation  density.  Long 
(pers.  comm.)  found  similar  situations  working  with  island¬ 
nesting  ducks  at  Miquelon  Lake,  Alberta.  No  interactions 
between  ducks  and  geese  were  observed.  Ducks  were  tolerat¬ 
ed  on  the  territory  and  in  instances  were  seen  to  pass  with¬ 
in  five  feet  of  an  incubating  female,  with  no  apparent 
response  by  goose  or  gander.  On  one  occasion  a  mallard 
drake  was  sitting  between  two  pairs  of  geese  which  were  15 
feet  apart  and  threatening  each  other  near  a  territorial 
boundary.  The  mallard  was  completely  ignored.  Possibly 
geese  are  able  to  recognize  the  lack  of  threat  in  the 
presence  of  ducks  in  contrast  to  the  presence  of  crows. 
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CONCLUDING  DISCUSSION 


From  this  study  it  appeared  that  Canada  geese  have 
evolved  a  preference  for  nesting  on  islands  to  escape 
mammalian  predation.  In  areas  where  islands  suitable  for 
nesting  geese  are  in  short  supply,  high  densities  may 
result  on  those  present.  The  establishment  of  a  territory 
during  the  reproductive  period  seems  advantageous  for 
Canada  geese  in  that  it  protects  the  incubating  female 
from  disturbance  by  adjacent  geese.  Territories  bordering 
on  water  have  an  additional  advantage  in  providing  feeding, 
drinking,  and  bathing  areas  all  within  the  territory-that 
is,  near  the  nest.  The  presence  of  the  gander  on  the 
territory,  together  with  his  ability  to  defend  it  were 
related  to  the  degree  of  protection  the  incubating  female 
received.  In  the  absence  of  the  gander,  the  goose  was  often 
harassed  by  neighboring  geese  or  non-territorial  pairs. 
Unattentive  ganders  were  seen  to  leave  their  territories  on 
many  occasions,  however  their  activities  and  whereabouts 
during  this  period  of  absence  were  unknown.  With  a  marked 
population,  perhaps  this  problem  could  be  investigated. 

The  ,T attentiveness'  of  ganders  may  be  a  function  of  age  and 
experience  as  suggested  by  other  workers  (Brakhage  1965, 

Gels  1956).  The  age  at  which  geese  become  reproductively 
mature  is  variable  but  some  evidence  suggests  that  most 
males  attain  this  stage  as  2-year  olds  (Wood  1965).  Since 
the  percentage  of  2-year  olds  actually  nesting  is 
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relatively  small  (Brakhage  1965),  some  factor  must  be 
suppressing  reproduction  in  this  cohort.  Social  behavior, 
particularly  hostility  towards  non-territorial  geese  by 
established  pairs  may  be  involved.  I  believe  that  expe¬ 
rience  and  conditioning  to  dense  nesting  situations  are 
important  requisites  before  territories  can  be  established 
and  maintained  when  densities  are  high.  In  this  regard, 
females  of  non-territorial  pairs  were  observed  investigat¬ 
ing  and  altering  nests  of  pairs  which  had  been  forced  to 
desert.  This  may  act  to  reinforce  innate  nesting  behavior. 
This  aspect  would  be  worthwhile  to  investigate  with  marked 
birds  over  a  period  of  time. 

The  nature  of  the  vegetation  was  related  to  the 
density  of  nests  as  measured  by  the  distance  to  nearest 
neighbor.  In  the  gull  colony  where  vegetation  was  sparse 
the  distances  were  significantly  greater  than  in  adjacent 

'X 

) 

areas  unaffected  by  the  gulls.  Since  the  geese  nested 
prior  to  the  gulls,  the  spacing  seemed  a  function  of  habi¬ 
tat  and  not  interactions  with  gulls.  Vegetation  density 
might  act  in  reducing  the  "individual  distance"  tolerated 
by  geese  by  reducing  the  visual  stimuli  leading  to  aggress¬ 
ive  behavior.  As  the  density  of  nesting  pairs  increases 
it  appears  that  the  territorial  tendencies  of  this  species 
become  ever  more  strengthened. 


' 
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MANAGEMENT  RECOMMENDATIONS 

From  the  results  of  this  study  I  would  recommend  that 
no  attempt  be  made  to  increase  the  number  of  nesting  pairs 
on  this  island.  I  would,  however  recommend  a  program 
designed  to  increase  the  number  of  islands  in  Dowling  Lake 
either  by  constructing  earth-type  islands  or  artificial 
floating  platforms.  If  earth-type  islands  were  used  I  would 
suggest  that  vegetation  be  composed  of  the  snowberry-rose 
association  with  interspersed  'islands'  of  grass.  This  is 
based  on  data  obtained  in  and  adjacent  to  the  gull  colony. 
Since  the  success  of  nests  in  these  two  areas  was  similar 
it  appears  that  a  greater  number  of  nesting  pairs  could  be 
realized  in  the  dense  shrub  habitat.  With  a  total  increase 
in  the  number  of  nesting  pairs  on  the  lake  I  would  recommend 
an  investigation  to  determine  the  capacity  of  brooding 
areas  around  the  lake.  To  eliminate  the  effects  of  coyote 
predation  steps  may  be  taken  to  increase  the  depth  of  water 
between  the  point  of  the  island  and  the  mainland.  This  may 
be  important  only  if  conditions  observed  in  1968  occur 
frequently . 
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APPENDIX  1.  Plant  species  found  on  the  study  area 

classed  according  to  growth  form. 


Scientific  name 

Common  name 

Grass-like  plants 


Puccinellia  nuttalliana 

alkali  grass 

Distichlis  stricta 

salt  grass 

Hordeum  jubatum 

foxtail  barley 

Car  ex  spp . 

sedge 

Scirpus  pumilus 

rush 

Forbs 


Lepidium  densiflorum 

commom  pepper  grass 

Smilacina  stellata 

Solomon's  seal 

Triglochin  mavitima 

arrow-grass 

Thermopsis  vhombi folia 

golden  bean 

Lithospermwn  ruderale 

puccon 

Potentilla  anserina 

silverweed 

Astragalus  peotinatus 

narrow-leaved  milk  vetch 

Melilotus  officinalis 

sweet  clover 

Epilobium  angusti folium 

f ireweed 

Artemisia  ludoviciana 

prairie  sagewort 

Artemisia  frigida 

pasture  sagewort 

Achillea  millefolium 

common  yarrow 

Chenopodium  album 

Lamb’s  quarters 

Medicag o  sativa 

alfalfa 

I 


Desourainia  sophia 

tansy  mustard 

Cirsium  arvense 

Canada  thistle 

Antennaria  nitida 

everlasting 

Rumex  maritimus 

golden  dock 

Shrubs  and  Trees 

Rosa  woodsii 

common  wild  rose 

Elaeagnus  aommutata 

wolf  willow 

Ribes  oxyaoanthoides 

wild  gooseberry 

Symphorioarpo s  albus 

snowberry 

Amelanahier  alni folia 

saskatoon 

Salix  spp. 

willow 

Populus  tremuloides 

aspen 
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APPENDIX  2.  Bird  species  associated  with  the  island  and 

Dowling  Lake,  Alberta,  (residents  and  migrants) 


Family  Scientific  name 

Common  name 

Pelecanidae 

Peleoanus  erythorhynahos 

white  pelican 

Phalacrocoracidae 

Phalaeroaorax  auritus 

cormorant 

Ardeidae  Ardea  hevodias 

great  blue  heron 

Anatidae  Branta  canadensis  ssp. 

Canada  goose 

Chen  hypevbonea 

snow  goose 

Chen  vossii 

Ross’  goose 

Olov  aolumbianus 

whistling  swan 

Anas  platy  rhynaho  s 

mallard 

Anas  aeuta 

pintail 

Anas  strepera 

gadwall 

Anas  aarolinensis 

green-winged  teal 

Anas  diseors 

blue-winged  teal 

Mareoa  amevieana 

American  widgeon 

Spatula  elypeata 

shoveler 

Aythya  amevieana 

redhead 

Aythya  affinis 

lesser  scaup 

Accipidridae 

Buteo  j amaieensis 

red-tailed  hawk 

Rallidae  Fuliaa  americana 

coot 

Charadriidae 

Squatarola  squatarola 

black-bellied  plover 

Charadrius  vooiferus 

killdeer 
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Scolopacidae 

Limosa  fedoa 

Calidris  canutus 

Totanus  flavipes 

Erolia  melanotos 

Actitis  macularia 

Catoptrophorus  semi 


marbled  godwit 
knot 

lesser  yellowlegs 
pectoral  sandpiper 
spotted  sandpiper 

a Imatus 


Numenius  americanus 

Limnodromus  seolopaaeus 

Recur virostridae 

Reaurvirostra  americana 

Phalaropidae 


Steganopus  tricolor 

Laridae  Larus  delawarensis 

Strigidae  Asio  flammeus 

Corvidae  Corvus  brachyrhynchos 

Sturnidae  Sturnus  vulgaris 

Icteridae  Sturnella  neglecta 

Agelaius  phoeniceus 

Euphagus  carolinus 

Euphagus  cyanocephalus 

Fringillidae 

Spizella  pallida 


willet 

long-billed  curlew 
dowit cher 

American  avocet 

Wilson's  phalarope 
ring-billed  gull 
short-eared  owl 
common  crow 
starling 

western  meadowlark 
red-winged  blackbird 
rusty  blackbird 
Brewer's  blackbird 

clay-colored  sparrow 
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